Abstract. Mutations in AIPL1 cause Leber congenital amaurosis (LCA), the most severe form of inherited blindness in children; however, the function of this protein in normal vision remains unknown. To determine amino acid subsequences likely to be important for function, we have compared the protein sequence of several species. Sequence conservation is highest across the three Aipl1 tetratricopeptide (TPR) motifs and extends across the protein, except for a proline-rich amino acid sequence present only at the C-terminus of primate Aipl1. The length of the proline-rich region varies within primates; however, the length differences between human and primate Aipl1 do not correlate with evolutionary distance. These observations reinforce the importance of the TPR domains for function, the similarity of Aipl1 to a family of proteins that act as molecular chaperones, and the importance of comparative sequencing data for determination of whether AIPL1 sequence variants in patients are likely to cause retinopathy.
Leber congenital amaurosis (LCA, Mendelian Inheritance in Man (MIM) No. 204000) is a severe, early-onset, inherited retinopathy that accounts for approximately 5% of all inherited retinal disease (Kaplan et al. 1990 ). To date, four genes associated with Leber congenital amaurosis have been identified, the most recent of which is the aryl-hydrocarbon interacting protein-like 1 gene, AIPL1 (Sohocki et al. 2000a) . Mutations in AIPL1 are the cause of 9-11% of cases of autosomal recessive LCA and may cause dominant cone-rod dystrophy (Sohocki et al. 2000b and unpublished) .
AIPL1 expression is limited to photoreceptors and the pineal gland, and the gene encodes a protein 384-amino acids in length. The precise functional role of AIPL1 within the photoreceptors remains unknown. However, the human protein sequence contains three tetratricopeptide (TPR) motifs, 34 amino acid motifs that are thought to serve as interfaces for protein-protein interactions. TPR motifs are found in proteins that mediate a variety of functions, including protein trafficking or protein folding, and these proteins are usually associated with multiprotein complexes (Blatch and Lässle 1999) . In addition, a proline-rich region is present at the carboxyl-terminus of the protein in humans. Similar sequences are found in situations requiring rapid recruitment or interchange of several proteins, such as signaling cascades or initiation of transcription (Kay et al. 2000) .
Comparative sequencing is a powerful method for determining important structural features in proteins with unknown function, such as AIPL1. In addition, this information is useful for determination of the likelihood that sequence variants identified in patients cause disease, for identification of appropriate animal models, and for information on appropriate systems for in vitro studies, such as yeast-two hybrid analysis.
A zoo blot (EcoRI and BamHI digest) probed with a 200-bp fragment of AIPL1 indicated likely orthologs in dog, cow, and mouse. No signal was present in zebrafish or in chicken (data not shown). Sequencing of Aipl1 from cow and mouse retinal cDNA libraries revealed a high level of sequence conservation within mammals, outside of the 56-amino acid, proline-rich, carboxylterminal sequence that is present in human AIPL1 but lacking in non-primates (Fig. 1A) . Genomic sequencing determined that the squirrel monkey Aipl1 proline-rich region is only 44 amino acids in length. In addition, a Drosophila protein sequence similar to AIPL1 (GenBank AE003487; 36% identity, 59% similarity) was identified by BLAST. This sequence, however, appears to be more highly related to AIP (39% identity, 59% similarity). As the complete Drosophila genomic sequence is known, with no other similar sequences, it is possible that this gene represents an ancestral Aip protein, predating the duplication event leading to separate Aip and Aipl1 in higher organisms.
Owing to the difference in protein length between human and squirrel monkey, the Aipl1 sequences of several additional primates (chimpanzee, baboon, and rhesus monkey) were determined from genomic DNA (Fig. 1A) . Although the chimpanzee and human proteins are identical in length, the difference or similarity in length of the proline-rich region in the other primates tested is inconsistent with evolutionary distance from humans. These data suggest that this region may be susceptible to gain or loss of repeats by replication slippage, perhaps owing to the repeat-type structure of the genomic sequence encoding the XXPP repeat within the proline-rich region. In addition, although several residues in this region are identical across the primates tested, the sequence identity/similarity to the human protein in this region is significantly lower than that within the TPR domains or across the length of the protein (Table 1) .
These data require consideration in determining whether sequence variants identified in patients with inherited retinopathy are likely to cause disease. A 4-amino acid deletion, P351⌬12, has been identified within the proline-rich region of two unrelated patients with autosomal dominant cone-rod dystrophy (Sohocki et al. 2000b ). Three of the four deleted amino acids (352-355) in these patients are identical across all primates tested, and the fourth deleted amino acid, although not conserved, is not involved in the loss or gain between primates. However, it will not be possible to determine whether the P351⌬12 variant causes the retinopathy in these patients without experimental assessment of the consequences of this variant in a model system.
The results of this study reveal a high degree of sequence conservation across mammalian Aipl1 proteins and reinforce the structural relationship of Aipl1 to the Fkbp family of proteins ( Figure 1B) , which function as molecular chaperones in steroid receptor signaling, heat shock responses, and immunosuppression. Therefore, Aipl1 is likely performing a similar function within the photoreceptors. The increased sequence conservation within the TPR motifs suggests an importance of these motifs for protein function. In addition, the conservation of certain residues within the proline-rich region suggests that they may be important for primate Aipl1 function.
